WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C07C 59A0, 59/285 



Al 



(11) International Publication Number: WO 00/12458 

(43) International Publication Date: 9 March 2000 (09.03.00) 



(21) International Application Number: PCIYUS99/20135 

(22) International Filing Date: 2 September 1999 (02.09.99) 



(30) Priority Data: 
60/098,802 



2 September 1998 (02.09.98) US 



(71) Applicant (for all designated States except US): UNIVERSITY 

OF UTAH RESEARCH FOUNDATION [US/US]; 210 Park 
Building, Salt Lake City, UT 841 12 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LIU, Feng [CN/US]; Apt 
2, 247 South 1100 East, Salt Lake City, UT 84102 (US). 
BAUDYS, Miroslav [CZ/US]; 905 University Village, Salt 
Lake City, UT 84108 (US). KIM, Sung, Wan [US/US]; 171 1 
Devonshire, Salt Lake City, UT 84108 (US). 

(74) Agents: HOWARTH, Alan, J. et al.; Clayton, Howarth & 
Cannon, P.C., P.O. Box 1909, Sandy, UT 84091-1909 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD. GE, GH, GM, HR, HU, ID, EL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US. UZ, 
VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SL, SZ, UG, ZW) ( Eurasian patent (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD FOR PREPARATION OF LOW MOLECULAR WEIGHT POLYETHYLENE GLYCOL-CARBOXYLIC ACIDS 




(57) Abstract 

A method of making low molecular weight polyethylene glycol carboxylic acids comprises reacting lower molecular weight 
polyethylene glycols with monohalogen-substituted aliphatic acid esters in base, and then saponifying die resulting intermediates. The 
polyethylene glycol carboxylic acids are then extracted with a toluene-containing organic phase for removing unreacted compounds and 
byproducts. The extracted polyethylene glycol carboxylic acids are then acidified and purified by dialysis, gel filtration, or extraction and 
precipitation. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


C&ed'lvoire 


KP 


Democralic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/12458 



PCTAJS99/20135 



METHOD FOR PREPARATION OF LOW MOLECULAR WEIGHT 
POLYETHYLENE GLYCOL-CARBOXYLIC ACIDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Application No. 60/098,802, 
filed September 2, 1998. 

BACKGROUND OF THE INVENTION 
This invention relates to polyethylene glycol derivatives. More particularly, the 
invention relates to a mild and very efficient method of preparation of high purity, low 
molecular weight polyethylene glycol derivatives having one or more terminal carboxylic acid 
groups. These polyethylene glycol derivatives are useful for preparation of conjugates of low 
molecular weight polyethylene glycol with peptides or proteins. 

A growing number of pharmaceutically relevant peptide and protein drugs are 
becoming available for use in medical therapies. Most of them, however, exhibit some 
specific properties that make their use in disease treatment questionable and problematic. To 
improve peptide and protein drug parameters, especially pharmacokinetic, pharmacodynamic, 
and immunogenic properties, hydrophilic macromolecular compounds have been coupled to 
peptide and protein moieties. Among these hydrophilic macromolecular compounds, 
polyethylene glycol (PEG) and its derivatives are the most frequently used for such purposes. 
It has been demonstrated that proteins with PEG attached (i.e., PEG-proteins, made by 
reaction of the protein with an active PEG) remain active and have a greatly diminished or 
negligible immune response. The result is that these PEG-proteins have greatly increased 
serum lifetimes. In addition, PEG attachment makes proteins much larger and thus reduces 
their rate of clearance through the kidney. PEG also is nontoxic and has been approved by 
the U.S. Food and Drug Administration (FDA) for topical and internal use in humans. PEG 
is soluble in water and many organic solvents, and it forms aqueous two-phase systems when 
paired with certain other polymers (such as dextran). It is insoluble in ethyl ether and 
hydrocarbons such as hexane. The water solubility, lack of toxicity, high flexibility and 
well-defined chemistry of PEG having a carboxylic acid functional group makes it ideally 
suited for many cross linking or tethering applications. 
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Among PEG derivatives used for protein modification, the activated intermediates of 
alkoxyPEG-carboxylic acids are most frequently applied. U.S. Patent No. 4,179,337. This 
requires that a carboxylic group be substituted for a hydroxyl group at an end of the 
alkoxyPEG chain. One of two general synthetic procedures, an oxidative method or a 
5 substitution method, is usually used. The oxidative method suffers from side reactions that 
lead to PEG chain fragmentation, and therefore it is not frequently used. G. Johansson et al., 
Proc. Int. Solvent Extract. Conf., Lyon, 927-942 (1974). The milder and thus preferred 
substitution method, G. Royer et al., 101 J. Amer. Chem. Soc. 3394-3396 (1979), uses esters 
of halogen monosubstituted aliphatic acids, such as ethyl bromoacetate, in the presence of 
10 base. The resulting esters of PEG-carboxylic acid are saponified and the product, PEG- 

carboxylic acid, is purified by repetitive precipitation in the excess of a nonsolvent, such as 
ether or a mixture of ether/ethanol, which enables the quantitative removal of reaction 
byproducts. Nevertheless, unreacted alkoxyPEG cannot be separated and will contaminate 
the product 

1 5 Usually, commercially available PEG derivatives with high molecular weight (3,500 

or higher) are used. This often leads, however, to diminished bioactivity of a peptide or 
protein drug because of the steric hindrance of the long PEG chains. The long chain PEG 
portions of the molecule create steric hindrances that interfere with receptor or substrate 
binding. It is becoming more and more evident that low molecular weight PEG derivatives 

20 (M. Wt. range 200- 2,000) are better suited for tailoring peptide and protein drug properties. 
F. Liu et al., 38 Polymer Preprints 595-596 (1 997). The use of low molecular weight PEG 
derivatives has been prevented in the past, mainly due to the difficulties related to their 
synthesis and, more importantly, to their purification, especially removal of reaction 
byproducts. 

25 In view of the foregoing, it will be appreciated that providing an efficient method for 

the synthesis of low molecular weight polyethylene glycol-carboxylic acids, wherein 
byproducts and unreacted PEG can easily be removed, would be a significant advancement in 
the art. 

30 BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a process for synthesis of low 
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molecular weight PEG-dicarboxylic acids and alkoxyPEG-carboxylic acids and their 
homologies, wherein the reaction conditions are mild, few byproducts are produced, the 
reaction is efficient, and unreacted PEG can easily be removed and recycled. 

These and other objects can be achieved by providing a method for making and 
5 purifying a low molecular weight polyethylene glycol carboxylic acid comprising: 

(a) reacting, in the presence of aqueous base, a polyethylene glycol having the 
formula: 

HO-CCH^-O-CCH-CH^-CCH^-OH 
I 

10 R 2 
or 

R.OKCH^-O-CCH-CH^^CH^OH 
15 I 

R 2 

wherein R| is lower alkyl, R 2 is H or lower alkyl, m is an integer of about 2 to 12, and n is an 
integer of about 3 to 120, with a monohalogen substituted aliphatic ester having the formula: 
20 XH 2 C-(CH 2 ) p -COOR 3 

wherein X is CI, Br, or I; p is an integer of 0 to about 8; and R 3 is lower alkyl, to result in an 
ester of a low molecular weight polyethylene glycol carboxylic acid; 

(b) saponifying the ester of a low molecular weight polyethylene glycol carboxylic 
acid to result in the low molecular weight polyethylene glycol carboxylic acid, contained in 

25 an aqueous phase, having a formula selected from the group consisting of: 
HOOC-(CH 2 V r O^ 

I 

R 2 

30 and 

RiO-tCH^-O^^ 
I 

R 2 

(c) extracting the low molecular weight polyethylene glycol carboxylic acid- 
containing aqueous phase with a toluene-containing, water immiscible organic phase for 
removing unreacted compounds and byproducts from the aqueous phase; 



35 



3 



WO 00/12458 



PCT/1JS99/20135 



(d) separating the extracted aqueous phase from the organic phase and acidifying 
the extracted aqueous phase; 

(e) desalting the separated aqueous phase; and 

(f) removing water from the aqueous phase to result in a purified low molecular 
5 weight polyethylene glycol carboxylic acid. 

The toluene-containing, water immiscible organic phase preferably comprises 
chloroform/toluene in a ratio of about 1/99 to 99/1 by volume, and more preferably in a ratio 
of about 95/5 by volume. The desalting is preferably carried out by dialysis or gel filtration, 
and the removing of water from the aqueous phase is preferably carried out under reduced 
10 pressure. 

In another aspect of the invention, a method for making and purifying a low molecular 
weight polyethylene glycol carboxylic acid comprises: 

(a) reacting, in the presence of aqueous base, a polyethylene glycol having the 
formula: 

15 HOKCH^-O-CCH-C^-OVCCH^OH 

I 

R 2 

or 

20 

R.CMCH^^CH^Hj^CIUi-OH 
I 

R 2 

25 wherein R, is lower alkyl, R 2 is H or lower alkyl, m is an integer of about 2 to 12, and n is an 
integer of about 3 to 120, with a monohalogen substituted aliphatic ester having the formula: 

XH 2 C-(CH 2 ) p -COOR 3 

wherein X is CI, Br, or I; p is an integer of 0 to about 8; and R 3 is lower alkyl, to result in an 
ester of a low molecular weight polyethylene glycol carboxylic acid; 
30 (b) saponifying the ester of a low molecular weight polyethylene glycol carboxylic 

acid to result in the low molecular weight polyethylene glycol carboxylic acid, contained in 
an aqueous phase, having a formula selected from the group consisting of: 
HOOC-(CH 2 V r O-(OT^ 

I 

35 R 2 
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and 

R,0-(CH 2 ) m -0-(CH^^ 
I 

5 R 2 

(c) extracting the low molecular weight polyethylene glycol carboxylic acid- 
containing aqueous phase with a first toluene-containing, water immiscible organic phase for 
removing unreacted compounds and byproducts from the aqueous phase; 

1 0 (d) separating the extracted aqueous phase from the first organic phase and 

acidifying the extracted aqueous phase; 

(e) next extracting the separated aqueous phase with a second toluene-containing, 
water immiscible organic phase such that the low molecular weight polyethylene glycol 
carboxylic acid is extracted into the second organic phase, and removing the aqueous phase; 

15 (f) evaporating the second organic phase containing the polyethylene glycol 

carboxylic acids; 

(g) redissolving the polyethylene glycol carboxylic acids in an organic solvent; 

(h) precipitating the polyethylene glycol carboxylic acids from the organic solvent 
by extraction with a nonpolar precipitation solvent; and 

20 (i) collecting and drying the precipitated polyethylene glycol carboxylic acids, 

thereby obtaining a purified low molecular weight polyethylene glycol carboxylic acid. 

The first and second toluene-containing, water immiscible organic phases preferably 
comprise chloroform/toluene in a ratio of about 1/99 to 99/1 by volume, and more preferably 
about 95/5 by volume. The organic solvent is preferably a member selected from the group 

25 consisting of acetone, ethanol, chloroform, methylene chloride, and mixtures thereof. The 
nonpolar precipitation solvent is preferably diethyl ether. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
FIG. 1 shows Fourier transform infrared (FTIR) spectra of CH 3 0-PEG-OH (mPEG; 
30 lower spectrum) and its carboxy-methylated derivative, CH 3 0-PEG-0-CH 2 -COOH (upper 
spectrum, wherein the new band at 1754 cm' 1 originated from the introduced COOH group. 
FIG. 2 shows a ! H NMR spectrum of mPEG-OCH 2 -COOH. 
FIG. 3 shows a MALDI MS spectrum of mPEG-OCH 2 -COOH. 
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DETAILED DESCRIPTION 
Before the present methods for synthesis of low molecular weight polyethylene glycol 
carboxylic acids are disclosed and described, it is to be understood that this invention is not 
limited to the particular configurations, process steps, and materials disclosed herein as such 
5 configurations, process steps, and materials may vary somewhat. It is also to be understood 
that the terminology employed herein is used for the purpose of describing particular 
embodiments only and is not intended to be limiting since the scope of the present invention 
will be limited only by the appended claims and equivalents thereof. 

The publications and other reference materials referred to herein to describe the 
10 background of the invention and to provide additional detail regarding its practice are hereby 
incorporated by reference. 

It must be noted that, as used in this specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a polyethylene glycol" includes references to two 
1 5 or more of such polyethylene glycols, and reference to "an aliphatic ester" includes reference 
to two or more of such aliphatic esters. 

In describing and claiming the present invention, the following terminology will be 
used in accordance with the definitions set out herein. 

As used herein, "comprising," "including," "containing," "characterized by," and 
20 grammatical equivalents thereof are inclusive or open-ended terms that do not exclude 
additional, unrecited elements or method steps. "Comprising" is to be interpreted as 
including the more restrictive terms "consisting of and "consisting essentially of." 

As used herein, "consisting of" and grammatical equivalents thereof exclude any 
element, step, or ingredient not specified in the claim. 
25 As used herein, "consisting essentially of and grammatical equivalents thereof limit 

the scope of a claim to the specified materials or steps and those that do not materially affect 
the basic and novel characteristic or characteristics of the claimed invention. 

As used herein, "peptide" means peptides of any length and includes proteins. The 
terms "polypeptide" and "oligopeptide" are used herein without any particular intended size 
30 limitation, unless a particular size is otherwise stated. Typical of peptides that can be utilized 
are those selected from group consisting of oxytocin, vasopressin, adrenocorticotropic 
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hormone, epidermal growth factor, prolactin, luliberin or luteinizing hormone releasing 
hormone, growth hormone, growth hormone releasing factor, insulin, somatostatin, glucagon, 
interferon, gastrin, tetragastrin, pentagastrin, urogastrone, secretin, calcitonin, enkephalins, 
endorphins, angiotensins, renin, bradykinin, bacitracins, polymixins, colistins, tyrocidin, 
5 gramicidins, and synthetic analogues, modifications and pharmacologically active fragments 
thereof, monoclonal antibodies and soluble vaccines. The only limitation to the peptide or 
protein that may be utilized is one of functionality. 

As used herein, "low molecular weight" refers to PEG and PEG derivatives having a 
molecular weight in the range of about 200 to 2000. As used herein, "high molecular weight" 

1 0 refers to PEG and PEG derivatives having a molecular weight of greater than about 3,500. 

As used herein, "PEG" means polyethylene glycols and derivatives thereof having at 
least one terminal hydroxyl group. Included in the definition of PEG are star PEGs and 
branched PEGs, such as are commercially available from Shearwater Polymers, Inc. 
(Huntsville, Alabama). Star PEGs are multi-armed PEGs that can be made by polymerization 

15 of ethylene oxide from a cross-linked divinyl benzene core. Y. Gnanou et al., 189 Makromol. 

Chem. 2885 (1988); D. Rein et al., 44 Acta Polymer. 225 (1993). Branched PEGs can be 

prepared by ethoxylation of various polyols (derived from glycerol condensation) having 3 to 

10 arms (pPEGs). Especially preferred PEGs, however, are low molecular weight PEGs 

having the formula: 

20 HO^CH^-O^CH-CH^OHCH^-OH 

I 

R 2 



25 



or 

R,0-(CHArO-(CH^^ 
I 

R 2 

30 wherein R, represents lower alkyl, R 2 represents H or lower alkyl, n is an integer of about 3 to 
120 and m is an integer of about 2 to 12. 

As used herein, "lower alkyl" means a straight or branched alkyl chain of 6 or fewer 
carbons. 

As used herein, "NMR" means nuclear magnetic resonance spectroscopy. 
35 As used herein, "FTIR" means Fourier transform infrared spectroscopy. 
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15 



30 



35 



As used herein, "MALDI MS" means matrix assisted laser desorption/ionization mass 
spectrometry. 

In an illustrative embodiment of the invention, a method for making low molecular 

weight PEG-dicarboxylic acids or alkoxyPEG-carboxylic acids and their homologues starting 

from low molecular weight polyethylene glycol derivatives having the general formula 

HO-(CH 2 ) m -0-(CH-CH 2 -0) n -(CH 2 ) m -OH 
I 

R 2 



10 or 



R.O-CCH^-O-CCH-CH^OUCH^-OH 

I 

wherein R, represents lower alkyl, R 2 represents lower alkyl or H, n is an integer of about 3 to 
120 and m is an integer of about 2 to 12, comprises reacting them in the presence of aqueous 
base with monohalogen substituted aliphatic acid esters having the formula 



20 XHjC-fCHJp-COORj 

wherein X is a halogen atom, preferably CI, Br, or I, p is an integer from 0 to about 8, and R 3 
is lower alkyl, using any of several well known substitution reactions giving rise, after ester 
saponification, to the product. The product produced by the above reaction is either low 
25 molecular weight PEG-dicarboxylic acid or alkoxyPEG-carboxylic acid and their derivatives 
having the formula 

HOOC-(CH^ r O-(^ 

I 

R 2 



or 

R.O^CH^-OKCH-CH^OVCCHj^-O-CCH^.-COOH 

I 

wherein R„ R 2 , n, m, and p are as specified above. 

The reaction mixture, dissolved in aqueous base, is extracted into an organic phase 
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composed of a chloroform/toluene mixture, causing removal of unreacted PEG derivatives 
and other reaction byproducts, which are often colored. The proportions of chloroform and 
toluene are limited only by functionality, preferably in the range of about 1/99 to 99/1 by 
volume, more preferably about 95/5 by volume. The toluene in the predominantly 
5 chloroform-based organic phase appears to be required for fast and easy separation of the two 
immiscible phases. The product contained in the aqueous phase is acidified and further 
purified either by dialysis or gel filtration to remove small molecular weight compounds, such 
as halogen-substituted aliphatic acids. The final product can be obtained directly by 
lyophilization of the resultant dialysate or filtrate. 

10 Alternatively, the product in the water phase is first acidified and then extracted into 

chloroform/toluene solution, preferably 95/5 by volume. Following the extraction, the 
organic phase is removed by evaporation. Finally, the product is dissolved in a minimum 
volume of a solvent, such as acetone, ethanol, chloroform, or methylene chloride; precipitated 
by the addition of a nonpolar solvent, such as ether; and kept at subzero temperature, 

15 preferably -20 °C or lower for between several minutes to several hours, sufficient to cause 
the complete precipitation of the product Precipitated product is collected, preferably by 
centrifugation at -20 °C or lower. If necessary because of residual product remaining in the 
mother liquor, the precipitation procedure can be repeated. The final product is dried under 
reduced pressure to remove solvents. 

20 The PEG carboxylic acids prepared according to the present method can be activated 

by conversion to acid chloride or tresylate derivatives according to methods well known in 
the art. These activated PEG carboxylic acids can then be reacted with peptides according to 
well known methods to result in PEG-peptide conjugates. A preferred reaction is the 
formation of an amide bond between the activated carboxylic acid moiety of the PEG 

25 carboxylic acid and an a-amino or e-amino group of the peptide. 

Following is an example that will enable one of ordinary skill in the art to practice the 
invention. Specifically, the following example demonstrates how the lower molecular weight 
PEG-carboxylic acids of the present invention may be synthesized. 

30 Example 

First, 10.0 grams (18.2 mmol) of methoxypolyethylene glycol (mPEG) (molecular 
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weight 550) was dissolved in 80 ml of ter/-butyl alcohol. Then, 3.06 grams (27.3 mmol) of 
potassium terMmtoxide was added to the mPEG solution. The resulting mixture was purged 
with nitrogen for 10 minutes and stirred at 40 to 50°C for 20 minutes. Next, 4.56 g (27.3 
mmol) of ethyl bromoacetate dissolved in 20 ml of /erf-butyl alcohol was added to the 
5 mixture over a period of 5 minutes at 40 °C to 50°C. The residue was dissolved in 1 00 ml of 
distilled water containing 1 .2 gram of NaOH, and the aqueous solution was then stirred at 
room temperature for one hour. The unreacted fraction of mPEG was extracted in 50 ml of 
an immiscible organic phase composed of chloroform and toluene (95:5, v/v). The extraction 
procedure was repeated three times. The water phase was then acidified with 6 N HC1 and 

10 the pH brought to 2.6. The product, methoxy carboxymethyl polyethylene glycol, was 
extracted four times from the acidic water phase with 50 ml of a mixture composed of 
chloroform and toluene (95:5, v/v). Next, the pooled extraction organic phase was washed 
twice with 25 ml of distilled water and dried over sodium sulfate. The organic solvent was 
evaporated under vacuum at a temperature of 70 °C to 80 °C, The residue was dissolved in a 

15 minimal volume of ethanol (5 to 10 ml) and this solution was poured into 50 ml of dry ether 
kept at a temperature of -20°C. The final precipitated product was collected by centrifugation 
at -20°C and dried under high vacuum. The overall yield was from 40 to 50%. 

Gel permeation chromatography data demonstrated that no cleavage of polyethylene 
glycol chains occurred. FTIR spectra of the starting mPEG and the final mPEG carboxylic 

20 acid are shown in FIG. 1 . The new band at 1754 cm* 1 for the product clearly indicates the 

presence of a newly introduced carboxylic acid group. FIG. 2 shows a ! H NMR spectrum for 
mPEG carboxylic acid, wherein the signal at 4.1 ppm originates from the methylene group of 
the -CH 2 -COOH group. Further, the area ratio for this group and the signal corresponding to 
protons of the methoxy group at 3.2 ppm is 0.627, a value close to theoretical 0.667 (2/3). 

25 Finally, a MALDI MS spectrum (FIG. 3) of the product demonstrated its purity as well as 
polydispersity, since the starting mPEG is polydisperse. Thus, molecular weights of 
individual molecular ions (CH 3 0-PEG-CH 2 -COOHNa + ) differ by 44 Da, corresponding to the 
molecular weight of the repeated -CH 2 -CH r O- unit. Volumetric titration analysis data 
showed that the carboxylic acid content was over 98 mol% of the product. 

30 
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10 



30 



CLAIMS 

What is claimed is: 

1 . A method for making and purifying a low molecular weight polyethylene 
glycol carboxylic acid comprising: 

(a) reacting, in the presence of aqueous base, a polyethylene glycol having the 
formula: 

HO^CH 2 ) m -OK^^ 
I 

R 2 

or 



R I 0-(CH 2 ) m -0-(CH-CH 2 -0) n -(CH 2 ) m -OH 
I 

15 R 2 

wherein R, is lower alkyl, Rj is H or lower alkyl, m is an integer of about 2 to 12, and n is an 
integer of about 3 to 120, with a monohalogen substituted aliphatic ester having the formula: 

20 XHjC-CCHjJp-COORj 

wherein X is CI, Br, or I; p is an integer of 0 to about 8; and R 3 is lower alkyl, to result in an 

ester of a low molecular weight polyethylene glycol carboxylic acid; 

(b) saponifying said ester of a low molecular weight polyethylene glycol 

25 carboxylic acid to result in said low molecular weight polyethylene glycol carboxylic acid, 

contained in an aqueous phase, having a formula selected from the group consisting of: 

HOOC-CCH^.-O-CCH^-OKCH-CHj-OJ^CH^-OKCH^rCOOH 

I 

R 2 



and 



R 1 0-(CH 2 ) ro -0-(CH-CH 2 -0) n -(CH 2 ) in -0-(CH 2 ) pH -COOH. 

I 

35 R 2 

(c) extracting the low molecular weight polyethylene glycol carboxylic acid- 
containing aqueous phase with a toluene-containing, water immiscible organic phase for 
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removing unreacted compounds and byproducts from the aqueous phase; 

(d) separating said extracted aqueous phase from said organic phase and 
acidifying said extracted aqueous phase; 

(e) desalting said separated aqueous phase; and 

5 (f) removing water from said aqueous phase to result in a purified low molecular 

weight polyethylene glycol carboxylic acid. 

2. The method of claim 1 wherein said toluene-containing, water immiscible 
organic phase comprises chloroform. 

3. The method of claim 2 wherein said toluene-containing, water immiscible 
10 organic phase comprises chloroform/toluene in a ratio of about 1/99 to 99/1 by volume. 

4. The method of claim 3 wherein said toluene-containing, water immiscible 
organic phase comprises chloroform/toluene in a ratio of about 95/5 by volume. 

5. The method of claim 1 wherein said desalting is carried out by dialysis or gel 
filtration. 

1 5 6. The method of claim 1 wherein said removing water from said aqueous phase 

is carried out under reduced pressure. 

7. A method for making and purifying a low molecular weight polyethylene 
glycol carboxylic acid comprising: 

(a) reacting, in the presence of aqueous base, a polyethylene glycol having the 
20 formula: 

HO-(CHArO-(CT^^ 
I 

R 2 

25 or 

R 1 0<CHJ - ^CH^^XKCH 2 X ll -OH 



30 



R 2 



wherein R, is lower alkyl, R 2 is H or lower alkyl, m is an integer of about 2 to 12, and n is an 
integer of about 3 to 120, with a monohalogen substituted aliphatic ester having the formula: 

XH 2 C-(CH 2 ) p -COOR 3 

wherein X is CI, Br, or I; p is an integer of 0 to about 8; and R 3 is lower alkyl, to result in an 
35 ester of a low molecular weight polyethylene glycol carboxylic acid; 
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(b) saponifying said ester of a low molecular weight polyethylene glycol 
carboxylic acid to result in said low molecular weight polyethylene glycol carboxylic acid, 
contained in an aqueous phase, having a formula selected from the group consisting of: 

HOOCKCH^.-O-CCH^-O-CCH-CHj-O^CHJ^O^CH^.-COOH 

5 I 

R 2 

and 

10 R,0-(CH 2 ) m -0-(CH-CH 2 -0) n -(CH 2 ) in -0-(CH 2 ) ptI -COOH. 

I 

(c) extracting the low molecular weight polyethylene glycol carboxylic acid- 

1 5 containing aqueous phase with a first toluene-containing, water immiscible organic phase for 
removing unreacted compounds and byproducts from the aqueous phase; 

(d) separating said extracted aqueous phase from said first organic phase and 
acidifying said extracted aqueous phase; 

(e) next extracting the separated aqueous phase with a second toluene-containing, 
20 water immiscible organic phase such that the low molecular weight polyethylene glycol 

carboxylic acid is extracted into the second organic phase, and removing the aqueous phase; 

(f) evaporating the second organic phase containing the polyethylene glycol 
carboxylic acids; 

(g) redissolving said polyethylene glycol carboxylic acids in an organic solvent; 
25 (h) precipitating said polyethylene glycol carboxylic acids from said organic 

solvent by extraction with a nonpolar precipitation solvent; and 

(i) collecting and drying said precipitated polyethylene glycol carboxylic acids, 
thereby obtaining a purified low molecular weight polyethylene glycol carboxylic acid. 

8. The method of claim 7 wherein said first toluene-containing, water immiscible 
30 organic phase comprises chloroform. 

9. The method of claim 8 wherein said first toluene-containing, water immiscible 
organic phase comprises chloroform/toluene in a ratio of about 1/99 to 99/1 by volume. 

1 0. The method of claim 9 wherein said first toluene-containing, water immiscible 
organic phase comprises chloroform/toluene in ratio of about 95/5 by volume. 



35 
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1 1 . The method of claim 7 wherein the second toluene-containing, water 
immiscible organic phase comprises chloroform. 

12. The method of claim 1 1 wherein said second toluene-containing, water 
immiscible organic phase comprises chloroform/toluene in a ratio of about 1/99 to 99/1 by 

5 volume. 

13. The method of claim 12 wherein said second toluene-containing, water 
immiscible organic phase comprises chloroform/toluene in a ratio of about 95/5 by volume. 

14. The method of claim 7 wherein said organic solvent is a member selected from 
the group consisting of acetone, ethanol, chloroform, methylene chloride, and mixtures 

10 thereof 

15. The method of claim 7 wherein said nonpolar precipitation solvent is diethyl 

ether. 



14 



WO 00/12458 



PCT/US99/20135 



1/3 




-i ■ 1 r— 1 1 • 1 -r H 

<fr CM o cm ^ <o cq 

r i i i 

3DNV8UOS8V 



SUBSTITUTE SHEET (RULE 26) 



WO 00/12458 



PCT/US99/20135 



2/3 



S2 



JO 

8 



3 



CO 



13 

;lco 

V 



§1 

CO 



1.5 



- r T r 

.5 



" T T~ r " 
5.0 



4.5 



I I | 1 I I 

4.0 



I | I I I 

3.5 



1 I 1 1 1 1 I 1 
3.0 2.5 

PPM 



I | 1 I I 

Z0 



■ i ■ 

t.o 



F/g.2 



SUBSTITUTE SHEET (RULE 26) 



WO 00/12458 



PCT/US99/20I35 



3/3 



€61.801 
EZ'8E0l 
0CP66 

cross - 




P9'U8 



8Q'6ZL 
Pf989 




CO 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US99/20135 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :C07C 59/10. 59/285 
US CL : 562/587 

According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 562/587 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
WEST:search terms: polyethyleoe glycol, base (c.g. NaOHX chloracetic acid 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2,623,900 A (HOFER et al.) 30 December 1952, col. 3, lines 
55-75. 



US 3,992,443 A (SPR1NGMANN) 16 November 1976, col. 7, lines 
1-27; col. 6, lines 17-19; col. 9, lines 62-63. 



1-15 



| | Further documents are listed in the continuation of Box C. Q See patent family annex. 



oMtm of cited documents: T 

t defining the general stale of the art which is not considered 
to be of particular nhrnn 

•E* earlier document published on or after the tnHroUxmd fiKag dale 

*L* document which may throw doubts on priority chum(s) or which it 

cited to establish tba publication data of another citation or othar 
tpacial reason (as specified) 

dtmantr* referring to an oral disclosure, use, exhibition or other 

dc«unem published prior to the imaraetionel filing dale but later than * & « 
the priority data claimed 



later document published after the biternatkmal filing date or priority 
date and not in conflict with the application but cited to 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention 
considered novel or cannot be considered to involve an ' 
when the document is taken alone 

document of particular relevance; the churned invention 
considered to involve an inven ti ve sup when the 
combined with one or more other such documents, such 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
10 JANUARY 2000 



Date of mailing of the international search report 

• 7 FEB 2000 



Name and mailing address of the ISA/US 
Commisnoner of Patents and Trademarks 
BoxPCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 

c noT/TC*niA t J ~U-.*\/t..i-. «ruvt\. 



Authorttcdy&fficer j * 
Telephone No. (703) 308-1235 



